Deepwater outfalls can be satisfactorily designed to ensure rapid dilution of sewage wastes, and allow for conventional water quality criteria which prescribe low bacterial levels in areas used for recreational purposes and shellfish harvesting, to be achieved. However, surface shoreline discharges of similar wastes dissipate far less readily, and normally result in shoreline bacterial levels far in excess of desirable criteria. The absolute assessment of water quality in suspect areas should ideally also include viral counts as well as epidemiological information on infections of persons exposed to contaminated seawater or seafood.
INTRODUCTION
The disposal to sea of wastes containing those viruses and bacteria with potentially harmful effects to human beings occurs throughout the world.
The acceptability of such discharges is based on the ability of receiving seawater to 'assimilate' the discharge, by oxidation and microbial decomposition of the organic material, by reduction in pathogen concentrations through die off and predation, and most importantly, by dilution. Consequently, good design of such discharges i . s paramount.
Marine discharges of wastes occur along the 3000 km coastline of South Africa, at a total rate of 822 Ml/day (or 10 m'/sec) (Toms, 1986) . Of this 562 Ml/day is discharged from ten deepwater outfalls, the remainder from canals or pipelines into the surfzone. The legislative control of marine discharges is undertaken by the Department of Water Affairs, who require discharges to meet the requirements as set out in their General Standards (section 21 of the Water Act, 1956) which apply to both fresh-and seawater. Exemptions are normally granted to marine discharges particularly with regard to oxygen demanding materials and bacterial levels.
To provide a uniform reference to the licensing authorities, the scientific community collaborated in the preparation of water quality criteria for marine waters (Lusher, 1984) . These criteria were modelled on those in use in Western Australia (Anon., 1981) and indicate those conditions which must be maintained in perpetuity to enable that water to be used for a pre-determined specific purpose, termed a Beneficial Use. Where deep water outfalls exist allowance is made for a mixing zone in the vicinity of the diffuser. A similar approach was used in planning the Point Peron outfall, near Perth, Western Australia.
Since the development of these criteria, various regional bodies have commenced planning coastal use including waste disposal based on longer term desirable use patterns, such as at East London and Hout Bay, South Africa. In addition, in retrospect, two major well designed offshore pipelines; Richards Bay -which discharges both industrial and municipal effluent (Lord and Geldenhuys, 1986 ) and the Durban Corporation pi. pelines which discharges settled sewage plus waste sludge (Anon 1983 (Anon , 1984 , would both comply with existing criteria.
DYNAMICS OF EFFLUENT PLUMES
In coastal areas where sewage is discharged, the typical conflict is between maintaining high bacterial water quality along the shoreline while minimising costs for marine disposal systems. Deepsea submarine outfalls provide the most effective method of disposal of buoyant effluents, and this technique relies heavily on the single factor of the rising plume entraining surrounding seawater to achieve a high initial dilution, which, under stagnant water conditions, has been shown to be (as an average value across the surface plume) at least ten times the depth (in metres) of unstratified seawater at the point of emission (Toms and Botes, 1986) .
Further eddy diffusion and advection will normally provide an additional dilution of another tenfold along the direction of plume travel within 1000 m. (i. e. within 1000 m of a diffuser in 20 m of unstratified seawater, a dilution of 2000 can be expected).
These features are not present with surface or shoreline discharges of buoyant effluent. Buoyant materials will remain on the surface, and the large initial dilution enjoyed by a rising plume will not occur. In addition, dilution by eddy mixing will be reduced as the density differences between the surface plume and subsurface waters remain.
The plume will tend to move largely under the influence of ambient winds, and turbulent mixing will only occur when waves are breaking, which is normally along the shoreline (i. e. less than 5 m depth). Numerous studies have shown that surfzone systems are 'closed ecosystems' and that although substantial mi . xing occurs within these, exchange of new seawater from beyond the breaker zone occurs relatively slowly; therefore this mixing does not constitute dilution.
Consequently concentrations of contaminants in shoreline discharged effluents can be expected to remain high in surface waters for significant distances (500 -1000 m) from their point of entry into the sea. This is particularly relevant in areas where recreational use is made of shoreline waters, and where shellfish harvesting occurs.
Consequently, the authorities are showing increasing concern with shoreline discharges of bacterially contaminated material from sewage treatment plants as well as of stormwater, particularly in the wake of massive urbanisation occurring close to three major centres, Cape Town, Port Elizabeth, and Durban, South Africa.
A typical discharge of concern is one of approximately 40 MI/day into Algoa Bay via the Paapenkuils Canal [ Figure 1 ] . This consists largely of secondarily treated industrial and municipal waste, as well as stormwater from an urban and industrial area. Initial faecal coliform levels are high (levels of 1 x 10 · per 100 ml are regularly found). Plume dispersion has been studied using various techniques (dye, salinity, bacterial counts). The plume responds to wind direction, with the plume able to maintain its surface characteristics (top 75 cm) for as much as 1 km from the source [ Figures la and lb ] . On either side of the canal the coastline is eroding and is heavily protected by concrete tetrahedra (known as "dolosse").
The area is entirely industrial with a railway line and major highway between it and the sea. Consequently, recreational use of the shore is limited.
However, access is available to fishermen, while a plentiful growth of mussels (Perna perna and Choromytilus meriodanalis) occurs on the concrete tetrahedra in the intertidal zone; these are taken for bait as well as consumption despite the inhospitable surroundings. 
BACTERIOLOGY AND VIROLOGY
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South African water quality criteria ( Lusher, 1984) recommend that counts of faecal coliform bacteria in seawater used for recreational purposes should not exceed 100/100 ml in 50� of samples, 400/100 ml in 10% of samples, and 2000/100 ml in 1% of samples. Seawater at sites where shellfish is harvested for human consumption should not have faecal coliform counts in excess of 15/100 ml in 50% of samples, and 45/100 in 90% of samples. The meat of shellfish intended for raw consumption should be free of Salmonella, Shigella and Vibrio cholerae bacteria, and counts of coagulase-positive Staphylococcus � andEscherichia coli should not exceed 10/100g and 500/100g, respectively (Department of Health, 1973 ).
These quality criteria are similar to those followed in many other countries, but have the accepted shortcoming that they do not include human viruses. It is known that bacteria have limitations as indicators for the incidence and behaviour of viruses in water and food ( Grabow, 1986) , while viruses are important because they probably cause most infections associated with polluted seawater and seafood ( Cabelli et aI, 1982 and Shuval, 1986) . Documented outbreaks include gastroenteritis caused by rota and norwalk viruses, and infections by hepatitis A and coxsackie viruses.
Many related viruses may likewise be transmitted. In addition epidemiological studies carried out on bathers at beaches in various parts of the United States, Canada, Egypt and Israel revealed that statistically significant increases in infection rates were detectable for seawater which contained counts of faecal coliforms and faecal streptococci as low as 10/100 ml (Cabelli et aI, 1982 , Fattal et aI, 1987 and Seyfried et aI, 1985 .
To assess the numbers of human viruses in marine wastewater discharges and in polluted seawater and shellfish (mussels and oysters), and to evaluate the correlation of these counts with those of coliform and other indicators of faecal pollution, selected samples were analysed by established methods (Grabow, 1986) . The marine wastewater discharge contained on average in the order of 2000 viruses detectable by conventional methods per 100 ml (Table 1) .
On average, counts of faecal coliforms, faecal streptococci and coliphages in wastewater, seawater and shellfish exceeded those of the viruses by far.
However, the correlation of these counts varied widely among samples, and on one occasion human viruses were detected in seawater which had indicator counts as low as 0/100 ml for faecal coliforms and faecal streptococci, and 30/100 ml for cOliphag es .
The lowest counts of indicators in shellfish meat which contained detectable human viruses, were faecal coliforms 8000/100 g, and faecal streptococci and coli�hages 0/100 g.
The variable correlation in counts of indicators to human viruses may be due to a number of factors, particularly seasonal variations and sporadic occurrences of epidemics of viral infections, while indicators are present at a more constant level. Average counts of human viruses and indicator organisms in a ty p ical "untreated" marine wastewater discharge, and in seawater and shellfish in the surfzone at the wastewater influent (site 1) and some 12 km from it, but adjacent to a much smaller discharge (site 2). An important observation is that the ratio of indicators to human viruses was considerably lower in polluted seawater than in wastewater (Table 1) . This may suggest that human viruses are more resistant to the seawater environment.
The incidence of micro-organisms in shellfish displayed an interesting phenomenon. In a heavily polluted environment (site I), the ratio of indicators to human viruses was higher than in wastewater, but in an environment of limited pollution (site 2), the ratio was much lower (Table 1) . This may be due to differences in survival rates, and adsorption to and release from shellfish (filter-feeders). Their ability to accumulate micro-organisms from their environment is clearly illustrated.
These data have the following implications for water quality criteria. Firstly, in polluted waters, indicators cannot always render a reliable indication of either the numbers or the presence of human viruses in seawater and shellfish.
Secondly, human viruses may be present in seawater and shellfish which conform to currently used quality criteria based on counts of coliform bacteria, particularly where intermittent polluted discharge occurs (e. g. stormwater).
CONCLUSIONS
The discharge of contaminated surface effluent plumes result in elevated levels of bacteria and viruses in nearshore waters.
These levels are usually in excess of those recommended for recreational purposes and for shellfish harvesting.
Conventional bacterial indicators have limitations in indicating the health risk associated with contaminated waters. In such cases, ideally, allaetiologicalagents, including viruses, should be monitored, in conjunction with detailed epidemiological studies. The shoreline discharge of contaminated wastewaters needs continuing strong discouragement.
